Dendritic cells are professional antigen-presenting cells that are responsible for initiating of the immune response. However, there are no reports on how the polysaccharides in an oral biofilm affect the viability of dendritic cells. Inulin, a fructooligossacharide, is one component of oral biofilm fructan that is used as an energy source by oral bacteria. In this study, we found that murine bone marrow derived dendritic cells were induced to undergo apoptosis after being treated with inulin in a dose-dependent manner, as determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), annexinV/propidium iodide (PI), and Hoechest staining methods. Inulin activated the apoptotic pathway, including caspase-9 and caspase-3, decreased the level of B-cell lymphoma 2 (Bcl-2) expression, increased the expression of the Bcl-2-associated X protein (Bax) protein and induced poly(ADP-ribose) polymerase (PARP) cleavage. These observations suggest that inulin induces the apoptosis of dendritic cells by altering the Bcl-2/Bax ratio through the caspase dependant pathway. These results indicated that high concentrations of inulin can cause apoptic cell death in murine bone marrow-derived dendritic cells.
Human dental plaque plays a critical role in dental diseases, such as dental caries and periodontal disease. Periodontal disease is a chronic severe inflammatory process of the gingiva, leading to the damage of tooth-supporting structures and consequently tooth loss due to bacterial infection. 1) Many streptococci synthesize extracellular polysaccharides from sucrose namely, glucans and fructans, through the enzymatic action of glucosyltransferase and fructosyltransferase.
2) Fructans mainly provide energy, while glucans not only provide energy but also act as the organic framework of dental plaque, playing a role in bacterial adhesion and inter-bacterial co-aggregation. [3] [4] [5] Previously reports suggested that the main linkage of the fructan from Streptocococi mutans (S. mutans) was an inulin-type b(2→1) fructofuranoside linkage rather than b(2→6), which was confirmed in other studies. 6, 7) S. mutans, including streptococcus sobrinus, have been reported as the primary etiologic agents of dental caries in humans. S. mutans produce water soluble a-glucans from sucrose. Water soluble a-glucans contribute to the development of dental plaque. Clinical studies also have reported that bacterial deposits in dental plaque are essential for the initiation of processes leading to periodontal disease. 8) However, there is no report showing the affects of inulin on periodontal disease processes.
The oral mucosa is covered with a stratified epithelium in which keratinocytes, Langerhans cells, lymphocytes and Merkel cells reside. Langerhans cells are representative of a dendritic cell lineage located in the stratum spinosum of stratified squamous epithelia, including the lining of the mouth. 9, 10) These dendritic cells belong to a family of immune cells that can capture intraepithelial pathogens and migrate to the regional lymph nodes where they present them to naïve T cells. 11) Dendritic cells are professional antigen-presenting cells that initiate lymphocyte activation, and may be critical for maintaining immune tolerance. 12) Moreover, Vinuela et al. have shown that in the gingiva there are two cellular populations with the capacity to mediate immunoregulation and their mechanisms contribute to the pathogenesis of periodontal disease. One of these populations is formed by macrophages and the other one by dendritic cells belonging to the epithelia. The dendritic cells are more prevalent as compared to macrophage. 13) As a result of bacterial infection, dendritic cells can induce a T cell-mediated immune protective response. The bacterial infection in gingival are involved in periodontal diseases. 1) Therefore, dendritic cell populations in gingival are important for the maintenance of sufficient immune responses that protect against periodontal disease. However, there are no reports showing how inulin (as polysaccharides in an oral biofilm) affects the viability of dendritic cells.
This study examined for the first time the effect of inulin on dendritic cells. The results showed that inulin can induce the suppression of the B-cell lymphoma 2 (Bcl-2) protein, caspase activation, and apoptotic cell death of dendritic cells. This study provides insight into the mechanism by which inulin induces apoptosis in dendritic cells in periodontal disease.
MATERIALS AND METHODS
Dendritic Cell Culture and Drug Treatment Dendritic cells were generated from murine bone marrow cells using a slight modification of the method described previously. 14) Briefly, bone marrow was flushed from the tibiae and femurs of C57BL/6 mice and depleted of red cells with ammonium chloride. The cells were plated in six-well culture plates (10 6 cells/ml) in OptiMEM (Invitrogen Life Technologies, CA, U.S.A.) supplemented with 10% (v/v) heat-inactivated fetal bovine serum (FBS), 2 mM L-glutamine, 100 U/ml penicillin, 100 mg/ml streptomycin, 10 mM N-(2-hydroxyethyl)-piperazine-NЈ-2-ethanesulfonic acid (HEPES) (pH 7.4), 20 ng/ml recombinant mouse Granulocyte macrophage colony-stimulating factor (GM-CSF) and interleukin-4 (IL-4) at 37°C in an atmosphere containing 5% CO 2 . On day 3 of the culture, the floating cells were removed gently and fresh medium was added. On day 6-7 of the culture, the nonadherent cells and loosely adherent proliferating dendritic cell aggregates were harvested for analysis or stimulation or, in some experiments, replated in 60-mm dishes (10 6 cells/ml). On day 7, 80% or more of the non-adherent cells expressed CD11c. In certain experiments, in order to obtain highly purified populations for subsequent analyses, the dendritic cells were labeled with bead-conjugated anti-CD11c monoclonal antibody (mAb) (Miltenyi Biotec GmbH, Germany) followed by positive selection through paramagnetic columns (Miltenyi Biotec GmbH, Germany) according to the manufacturer's instructions. The purity of the selected cell fraction was Ͼ90%. Inulin was dissolved in dimethyl sulfoxide (DMSO) for further study. The final concentrations of DMSO were adjusted to 0.1% (v/v) in the culture media.
Human Gingival Fibroblast Cells Culture Human gingival fibroblast (LGC Promochem, U.K.) were cultured under standard conditions in Dulbecco's modified Eagle's minimal essential medium (DMEM) (St. Louis, MO, U.S.A.) containing 10% FBS, 2 mM glutamine, 100 U/ml penicillin and 100 mg/ml streptomycin at 37°C humidified atmosphere of 5% CO 2 in air.
Dendritic Cells and Human Gingival Fibroblast Cells Viability by MTT Assay The effect of inulin on cellular proliferation and viability was determined using a colorimetric MTT assay. This method measures the mitochondrial activity based on the reductive cleavage of yellow tetrazolium salt to a purple formazan compound through the dehydrogenase activity of intact mitochondria. Briefly, the cells were washed once with phosphate buffered saline (PBS) before adding 0.5 ml serum free medium containing MTT (Sigma, MO, U.S.A.) (1 mg/ml) to each well. After incubation for 4 h, the supernatant was removed and the formazan product obtained was dissolved in 1 ml DMSO (Sigma, MO, U.S.A.) with constant stirring for 20 min on a microtiter plate shaker. The absorbance was read at a wavelength of 560 nm. The viability of the dendritic cells is expressed as a percentage of the cells untreated with inulin, which served as the control group and was designated as 100%. The results are expressed as a percentage of the control.
Hoechest Staining For Hoechst staining, dendritic cells were cultured on 3-chamber slides (Nunc International, IL, U.S.A.). After the inulin treatment, the cells were collected and fixed by incubation in 4% (v/v) paraformaldehyde (PFA) for 30 min. After washing in PBS, the cells were incubated in 1 mg/ml Hoechst in methanol for 30 min in the dark. The cells were then observed by fluorescence microscopy (Zeiss, Germany).
Apoptotic Cell Death Assay by Fluorescence Activated Cell Sorting (FACS)
The induction of apoptosis in the dendritic cells caused by inulin was determined quantitatively by flow cytometry using an AnnexinV-conjugated Alexafluor 488 Apoptosis Detection Kit according to the manufacturer's instructions, and as previously described. 15, 16) Briefly, the cells were treated with inulin (0.5, 1, 2 mg/ml) for 24 h. The cells were then harvested, washed with PBS and incubated with annexin-V and PI for cellular staining at room temperature for 15 min in the dark. The stained cells were analyzed by FACS using a FACSCalibur instrument equipped with CellQuest 3.3 software. The early apoptotic cells stained with annexin-V give a green fluorescence, which is shown in the lower right quadrant of the FACS histogram. The late apoptotic cells stained with both annexin-V and PI give red-green fluorescence and are shown in the upper right quadrant.
Western Blot Analysis The dendritic cells were lysed in an ice-cold whole cell lysate buffer containing 50 mM HEPES (pH 7.5), 150 mM NaCl, 10% glycerol, 1% Triton X-100, 1.5 mM magnesium chloride hexahydrate, 1 mM ethyleneglycol-bis-(b-aminoethylether)-N,NЈ-tetraacetic acid (EGTA), 1 mM phenylmethylsulfonyl fluoride (PMSF), 2 mg/ml leupeptin, 1 mg/ml pepstatin, 1 mM sodium orthovanadate, and 100 mM sodium fluoride. The mixture was incubated at 4°C for 30 min. The cell debris was removed by microcentrifugation, followed by rapid freezing of the supernatant. The protein concentration was measured using a BioRad colorimetric protein assay kit (Bio-Rad, CA, U.S.A.). Thirty micrograms of the protein was separated on sodium dodecyl sulfate (SDS)-polyacrylamide gels and transferred to a nitrocellulose membrane (Schleicher & Schuell GmbH, Germany). Anti-actin, anti-Bcl-2, anti-Bax, anti-caspase-3 (cleavaged), and anti-PARP antibodies (Cell signaling, MA, U.S.A.) were used as the primary antibodies. Horseradish peroxidase-conjugated anti-rabbit and anti-mouse antibodies (Amersham Pharmacia Biotech GmbH, Germany) were used as the secondary antibodies. Band detection was carried out using an enhanced chemiluminescence (ECL) detection system.
Mitochondrial Membrane Potential A fluorescent cationic dye, 5.5Ј,6.6Ј-tetrachloro-1.1Ј,3.3Ј-tetraethylbenzimidazolyl-carcyanine indide, commonly known as JC-1 (Fluka, MO, U.S.A.), was used it measure mitochondria membrane potential (Dy m ). Cells were incubated with 2 mM JC-1 solution in culture medium at 37°C in a 5% CO 2 incubator for 10 min. Cells were then washed twice with PBS and harvested, and Dy m values measured by flow cytometry. The fluorescence of JC-1 was monitored at wavelengths of 525 nm (FL-1) and 575 nm (FL-2). The FL-2 intensity is proportional to the Dy m value. A minimum of 10000 cells per sample were counted and the data were statistically analyzed.
Caspase Activity Assay The activities of caspase-3, -8 and -9 were measured using caspase 3 (Ac-DEVD-7-amino-4-methylcoumarin), capase-8 (Ac-IEPD-AMC, Ac-lle-GluPro-Asp-7-amino-4-mehtylcoumarin), and caspase-9 (Ac-LEHD-AMC, Ac-Leu-Glu-His-Asp-7-amino-4-methylcoumarin) (Bachem Bioscience, PA, U.S.A.). Briefly, the dendritic cells were cultured for 6 d, and treated with inulin at 0, 0.5, 1, 2 mg/ml and harvested at 1 h, 3 h, 6 h, and 24 h. A lysis buffer [25 mM HEPES (pH 7.5), 5 mM ethylenediaminetetraacetic acid (EDTA), 1 mM EGTA, 5 mM MgCl 2 , 10 mM sucrose, 5 mM dithiothreitol (DTT), 1% CHAPS, 10 ml/ml protease inhibitor cocktail, and 1 mM phenylmethylsulfonyl fluoride] was then added to the cells. The cell lysates were freeze/thawed five times and centrifuged at 12000ϫg for 60 min.
13) The resulting cell lysates obtained were incubated for 1 h at 37°C in 96-well Costar plates containing a buffer containing 25 mM Hepes, pH 7.5, 10% sucrose, 0.1% CHAPS, and 1 mM DTT supplemented with 50 mM Ac-DEVD-AMC or Ac-IEPD-AMC or Ac-LEHD-AMC. The caspase-3 activity was confirmed using a caspase-3 specific inhibitor (Ac-Asp-Glu-Val-Aspaldehyde, Ac-DEVD-CHO). 
RESULTS

Effect of Inulin on the Cell Viability of Dendritic Cells and Human Gingival Fibroblasts Cells
In order to assess the cytotoxic effect of inulin on murine bone marrow-derived dendritic cells and human gingival fibroblasts cells (negative control), the dendritic cells and human gingival fibroblasts cells were cultured for 24 h with inulin at final concentrations of 0.5, 1 and 2 mg/ml. The viability was analyzed using a MTT assay. The cells cultured in inulin-free media were used as the control. The viability of the dendritic cells incubated with 0.5 mg/ml, 1 mg/ml, and 2 mg/ml inulin for 24 h was 97.8Ϯ4.7%, 91.3Ϯ3.1%, and 16.1Ϯ0.41% of the control value, respectively (Fig. 1A) . However, as shown in Fig. 1A , human gingival fibroblasts cells were no marked differences in the percentage of dead cells, as evidenced by MTT assay.
The cells were next treated with various concentrations of inulin and the percentage of apoptotic cells were assessed by annexin-V and PI staining. The apoptotic cells were measured as late or early apoptotic cells, which are shown respectively in the upper right (UR) or lower right (LR) quadrant of the FACS histogram in Fig. 1B . Inulin induced significant apoptosis of dendritic cells at 24 h after treatment. The percentage of apoptotic cells after the inulin treatments were 7.8% (inulin untreated control), 43.8% (200 mM H 2 O 2 , positive control), 9.4% (0.5 mg/ml, pϽ0.05), 10.1% (1 mg/ml, pϽ0.01), and 63.2% (2 mg/ml, pϽ0.01). This suggests that the induction of apoptosis in dendritic cells after an inulin treatment is a major mechanism for the inulin-induced decrease in dendritic cell viability and/or increased cell death.
Effect of Inulin on DNA Damage in Dendritic Cells
The Hoechst staining revealed the occurrence of nuclear condensation, and perinuclear apoptotic bodies after the inulin treatment at concentrations of 0.5, 1, or 2 mg/ml for 24 h. The presence of apoptotic bodies, which is one of the stringent morphological criteria of apoptosis, was characteristically present in the inulin-treated dendritic cells stained with Hoechst (sky blue color) (Fig. 1C) .
Inulin Decreases the Expression of the Anti-apoptotic 
Protein, Bcl-2, in Dendritic Cells While It Increases the Expression of the Pro-apoptotic Protein, Bax
The Bcl-2 family of proteins is key regulators of apoptosis; Bcl-2 is an anti-apoptotic protein and Bax is a pro-apoptotic protein. 17, 18) Therefore, this study examined the relationship between Bcl-2 and Bax regulation during the inulin-induced apoptosis of dendritic cells. As shown in Fig. 2 , there was a significant decrease in the Bcl-2 protein in the inulin-treated dendritic cells. On the other hand, there was an increase in the level of the Bax protein. This indicates that apoptosis of dendritic cells by inulin may be mediated through the down-regulation of Bcl-2 and the up-regulation of Bax. This shows that inulin-induced apoptosis is associated with the ratio of Bcl-2 and Bax proteins.
Inulin Induces the Mitochondrial Dysfunction and the Activation of Caspase-9 in Dendritic Cells but Not Caspase-8 Activation The activation of caspases is important in the induction of apoptosis. The processing and activation of the caspase family can be regulated by molecules, such as Bcl-2 and cytochrom c. In most cases, apoptosis involves the 498 Vol. 34, No. 4
Fig. 2. Inulin Induces Bax Protein Expression in Dendritic Cells
The cell lysates were extracted from the control and inulin-treated dendritic cells 24 h after treatment, and 20 mg/ml of the cell lysates normalized for the protein content were loaded and run on a 12% (w/v) SDS-polyacryamide gel. Western blot analyses revealed that inulin exposure decreased the level of the Bcl-2 protein and increased the level of the Bax protein in dendritic cells. Quantitative analysis of Bcl-2 and Bax expression for both histograms was performed on Western blot. The results are representative of three independent experiments. Significant difference versus the control group (non-inulin-treated), * * pϽ0.01. Fig. 3 . Inulin Induces Caspase-9 Activity and Dy m Changes, and Not Caspase-8 Activity in Dendritic Cells Dendritic cells were analyzed for the initiator caspase-9 and caspase-8 activity, using the Ac-IEHD-AMC (caspase-9) and Ac-IEPD-AMC (caspase-8) substrates and mitochondrial membrane potential (Dy m ) was measured by staining cells with fluorescent cationic dye, JC-1, followed by flow cytometry analysis (A). Representative histograms of data from different experimental group are shown. The cell lysates obtained from the control and inulin-treated dendritic cells, with normalized protein content, were incubated with the caspase-9 and caspase-8 substrates. The caspase activity was induced significantly at all time points with peak activity at 6 h, and significantly increases at 3 h (B). Western blot analyses revealed that inulin increased the levels of the active form of the caspase-9 protein in dendritic cells (C). The data are reported as the meanϮS.D. of triplicate wells from four independent experiments. Significance was determined by Student t-test ( * pϽ0.05 vs. control).
release of cytochrom c from the mitochondria. 19) In the cytosol, cytochrome c activates caspase-9, which in turn activates caspase-3.
17) This study examined whether or not Dy m were modulated and initiator caspase-9 and/or -8 were activated by inulin in dendritic cells. As shown in Fig. 3 , there was a significant decreased Dy m values (Fig. 3A) and increase in caspase-9 activity (Fig. 3B ) and in the cleaved form of caspase-9 (Fig. 3C) in the dendritic cells treated with inulin. Unlike caspase-9, caspase-8 was unaffected by the inulin treatment. These results suggest that the apoptosis induced by inulin is mediated through mitochondria dysfunction and the caspase-9 dependant pathway.
Inulin Induces Caspase-3 Cleavage and Activity in Dendritic Cells An increase in the Bax protein levels is believed to induce mitochondrial permeability and the release of cytochrome c from the mitochondria leading to the activation of caspase-9 and the subsequent induction of caspase-3.
20) The inulin-treated dendritic cells showed lower Bcl-2 protein levels as well as higher Bax protein levels and caspase-9 activity (Figs. 2, 3) . Therefore, the down-stream events of dendritic cells apoptosis were characterized by examining the activated form of caspase-3. As shown in Fig.  4A , the caspase activity was increased significantly by inulin in a time-dependant manner. The induction of caspase activity was confirmed by Western blot analysis, which revealed significantly induced forms of cleaved caspase-3.
Inulin Induces the Cleavage of PARP in Dendritic Cells Apoptic cell death generally occurs step-by-step. This cascade is activation of caspase-3, which cleaves several substrates, such as the DNA repair enzyme PARP. 21) Western blot analysis of the inulin-treated dendritic cells revealed cleavage of the pro-enzyme, caspase-3, which was activated strongly by Inulin (0.5-2 mg/ml) (Fig. 4B) . In the next step, the cleavage of the PARP, the known substrate of caspase-3, was determined. As shown in Fig. 4C , PARP degradation was observed in the inulin-treated dendritic cells. In order to confirm that the activation of caspase-3 is a key indicator of the inulin-induced apoptotic pathway, the dendritic cells were pretreated for 1 h with z-DEVD-fmk (50 mM), a cell-permeable caspase-3 inhibitor, followed by a treatment with a various inulin doses for 6 h. Pre-treatment with z-DEVD-fmk significantly blocked the dendritic cells apoptosis (Fig. 4D ). This clearly shows that inulin-induced apoptosis is associated with the activation of caspase-3.
DISCUSSION
The extracellular polysaccharides of an oral biofilm play important roles in its initiation and metabolism. 22) Inulin is a b(2→1) fructan, which is synthesized by oral streptococci and used mainly as an energy source for oral microorganisms. 23) However, its effect on cells in periodontal tissue is unknown. In this study, inulin was found to induce apoptosis in dendritic cells. This is the first report suggesting that inulin can play a role in the initiation or progression of periodontal disease by inducing dendritic cell apoptosis.
Dendritic cells are the most efficient antigen presenting cells that can stimulate both primary and secondary immune responses. 24, 25) They are distributed widely in both the lymphoid and nonlymphoid organs. 26) The studies have suggested that dendritic cells are also present in oral tissues, such as dental pulp, 27) periodontal membrane 28) and gingival, 9, 29) and act as sentinels in the host defense. Dendritic cells are also efficient antigen capture cells in their immature state. However, as they mature, they undergo phenotypic changes that facilitate their migration toward lymphoid Dendritic cells were analyzed for the effector caspase-3 activity using Ac-DEVD-AMC, a caspase-3 substrate, and the degradation of PARP using Western blotting. The cell lysates obtained from the control and inulin-treated dendritic cells, normalized for the protein content, were incubated with the caspase-3 substrate according to the protocol in Materials and Methods. The caspase-3 activity was induced significantly at 6 h compared with the control (A). Western blot analyses revealed that inulin exposure in dendritic cells induced the active form of caspase-3 (B) and PARP degradation (C). The addition of z-DEVD-fmk (50 mM), a caspase-3 inhibitor, significantly blocked the dendritic cells apoptosis (D). The results are representative of three independent experiments. Significant difference versus the inulin treated group and inhibitor treated group, * * pϽ0.01.
organs as well as their unique ability to prime T cells. 25, 26) The initiation of the protective immune responses generally requires the activation of dendritic cells. In this study, inulin inhibited the viability of dendritic cells and induced apoptosis in a concentration dependent manner, as shown in Fig. 1 . Moreover, inulin induced characteristic apoptotic changes in the DNA condensation of dendritic cells, as shown Fig. 1C . This indicates that inulin can inhibit the protective immune response orchestrated by dendritic cells and contribute to the pathogenesis of periodontal disease.
The next task was to determine the mechanism of apoptosis in dendritic cells. Bcl-2 promotes cell survival by inhibiting apoptosis. 18) Bax has also been shown to regulate apoptosis. 30) In this study, inulin induced the expression of the Bax protein and down-regulated the expression of the Bcl-2 protein in a dose-dependent manner (Fig. 2) . Mitochondrial changes are critical for effector phases of apoptosis. Mitochondrial swelling is linked to the rupture of the outer mitochondrial membrane and loss of mitochondrial membrane potential. Mitochondrial membrane potential loss signifies metabolic cell death and leads to caspase activation. 31) As shown in Fig. 3A , the inulin-treated dendritic cells showed the loss of mitochondrial membrane potential in a dosedependent manner.
Caspase, a family of cystein proteases, form integral parts of the apoptotic pathway and have many cellular targets through the activation of the caspase-3 protein that produce the typical morphology of apoptosis.
32) The activated caspase-3 process marks the beginning of DNA cleavage. 33) Caspase-3 activation, which is characterized by the appearance of the active fragment form caspase-3, was determined in dendritic cells exposed to various doses of inulin (Fig. 4) . As shown in Fig. 4 , the inulin-treated dendritic cells showed cleavage of the pro-enzyme caspase-3. In particular, 2 mg/ml of inulin strongly activated this cleavage.
The role of PARP cleavage in apoptosis was next examined. PARP is cleavaged by the activation of caspase-3 during apoptosis in many different cell lines. 34) Significant PARP cleavage was observed after the inulin treatment. In order to determine if caspase-3 is required for the induction of apoptosis by inulin, the inulin-treated dendritic cells were incubated with a caspase inhibitor, such as z-DEVD-fmk. Pre-treatment with z-DEVD-fmk significantly blocked the dendritic cells apoptosis.
In conclusion, we showed that inulin induces apoptosis in dendritic cells. In this study, we suggest that inulin-induced apoptosis in dendritic cells might be mediated by the selective activation of caspase-9 and -3, the down and up-regulation of Bcl-2 and Bax expression, respectively, and the increased level of PARP cleavage. This is a new insight into the mechanism of periodontal disease due to dendritic cell apoptosis by inulin. It is possible that the loss of dendritic cell populations in gingival leads to an insufficient immune response resulting in periodontal disease from oral bacterial composure. Taken together, these results suggest that high concentrations of inulin can cause apoptic cell death in murine bone marrow-derived dendritic cells.
